Thus, the purpose of this paper was the analysis and comparison of chromatographic profiles of phenolic constituents of fruits of 23 Crataegus L. species, growing in Europe, Asia and North America, evaluated by means of high-performance thin-layer chromatography (HPTLC), and the determination of specific distinguishing markers of its fingerprints.
MATERIALS AND METHODS

Standards
Hyperoside, batch 33520F, was purchased from USP; rutin, batch A0299493, and chlorogenic acid, batch A0290470, were purchased from EDQM.
Samples
A total of 39 hawthorn samples of 23 Crataegus L. species obtained from Botanical Garden of V.N. Karazin Kharkiv National University, Ukraine and different States and regions, and purchased from the market were investigated in this study. All the samples were properly identified by botanist V.I. Shatrovska, Botanical Garden of V.N. Karazin Kharkiv National University, Ukraine according to the National floristic datasets. [7] [8] [9] Voucher specimens are deposited at the Herbarium of the Department Technology of Drugs, National University of Pharmacy, Kharkiv, Ukraine. Details and voucher specimen numbers are shown in Table 1 .
Source Of The Method
TLC method for C. laevigata/C. oxyacantha and C. monogyna from European Pharmacopoeia [5] was modernized into HPTLC method; 21 other different Crataegus L. species, growth worldwide (Table 1) , were included in the method.
Chromatographic Conditions
Analyses were conducted on Merck HPTLC silica gel F 254 (Darmstadt, Germany). The following mobile phase was used: anhydrous formic acid R, water R, methyl ethyl ketone R, ethyl acetate R (10:10:30:50). For identification 6 µL of standard solutions and 6 µL of sample solutions were applied to the plate.
Visualization Of Fingerprints
The multiple detection modes used were white light and 366 nm after derivatization. Plates were heated at 100-105°C for 5 min and derivatized by dipping (speed of 3, t = 0), while still hot in NP/PEG reagents. The plate was evaluated after about 30 min. The NP/PEG reagent was prepared as follows: Solution A: 1.0 g of diphenylborinic acid aminoethylester is dissolved in 100 mL of methanol. Solution B: 10 g of polyethylene glycol 400 is dissolved in 200 mL of dichloromethane.
Preparation Of Samples And Standards
The sample solution of different Crataegus L. fruits: 1.0 g of dried powdered sample was mixed with 10 mL of methanol absolute, sonicated for 10 min and centrifuged or filtered. The supernatant/filtrate was used as the sample solution Standard solution A: 0.25 mg/mL of hyperoside in methanol; 0.35 mg/mL of rutin in methanol. 
Instruments And Reagents
Instruments: A CAMAG HPTLC system (Muttenz, Switzerland) included a visualizer, an Automatic TLC Sampler 4, an Automatic Developing Chamber 2, and a Scanner 4 controlled by visionCATS software. Reagents: ethyl acetate (purity 99.5%), lot № AO355705, anhydrous formic acid (purity 98%), lot AO343914, were purchased from Acros Organics. Methanol (HPLC Ultra Gradient Grade), lot № 1042801 was purchased from CarlRoth GmbH.
RESULTS AND DISCUSSION
The taxonomical classification of hawthorn genus is quite diffuse as all Crataegus L. species are quite variable and tend to hybridize with each other. For instance, according to the Flora of SSSR, [9] Russian and European authors often do not differentiate between C. kyrtostyla and C. monogyna, despite their significant morphological differences. From the other side, as is evident from Red Flora of URSR, [7] C. kyrtostyla is a generalized species and includes C. curvisepala, C. pseudokyrtostyla Klokov, C. subrotunda Klokov, C. fallacina Klokov. Most of the identified Crataegus L. species used in the analysis conformed to the worldwide accepted database "The Plant list". [10] At the same time, some hawthorn species, that according to the national floristic datasets [7] have distinctive morphological features ( Fig. S1 ), are listed in "The Plant List" [10] as synonyms (С. oxyacantha; C. curvisepala; C. pseudokyrtostyla; C. subrotunda are listed as synonym for C. rhipidophylla Gand. and C. leiomonogyna Klokov is listed as synonym for C. monogyna) or have unresolved status (C. fallacina, C. festiva Sarg.). These findings testify that "The Plant List" classification could be improved. Despite that it is possible to discriminate different hawthorn species using morphological features when the fruits are intact, it is an analytical challenge for the finished dosage forms. It was established that hawthorn fruits are characterized by its phenolic constituents, in particular, the flavonoid components to which many of the pharmacological properties have been attributed. [1, 8, 11, 12] Moreover, flavonoids are used for pharmacopoeial standardization of hawthorn fruits. That is why, our investigation included modification of existing TLC method from European Pharmacopoeia into modern and reproducible HPTLC method that can help to detect an adulteration, [13, 14] the inclusion of new Crataegus L. species and comparison of their chromatographic profiles. For the proposed HPTLC method, the stationary phase, sample and standard preparations, application volume, documentation were modified, and acceptance criteria were set. The derivatization reagent NP/PEG used in the method for the visualization of results in UV 366 nm allowed us to distinguish phenolic constituents of different Crataegus L. species, depending on its structure. [15] Thus, the obtained HPTLC fingerprints showed orange-yellow fluorescent (fl) zones due to flavanols: quercetin, myricetin and their glycosides, and yellow-green fl zones due to kaempferol, isoramnetin and their glycosides; orange fl zones due to flavones: luteolin and their glycosides, and yellow-green fl zones due to apigenin and their glycosides; blue fl zones due to phenol carboxylic acids (caffeic acid, chlorogenic acids) and coumarins. Comparison of HPTLC fingerprints of different samples of 23 Crataegus L. species on phenolic constituents is shown in Fig. 1 .
As we can see in Fig. 1 The data about the similarity of phenolic constituents of both pharmacopoeial and non-pharmacopoeial Crataegus L. species could be a ground for including new species into pharmacopoeial analysis and broadening of the herbal raw material base for the pharmaceutical market. The findings concerning discriminative features of phenolic fingerprints for some species could help to identify the possible adulteration and falsification. The results can be used for further chemotaxonomic investigation of hawthorn genus and improving "The Plant List", and should be taken into consideration for revising pharmacopoeial monograph for hawthorn fruits.
